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sequently slower photorespiration in C3 species. The carboxylase is
a large molecule (mol wt = 560,000) that comprises about half the total
chloroplast protein and about a quarter of all the protein in the
leaf. Half-maximal rates of C02 fixation with the isolated enzyme
are obtained at about 600 ppmv of CO2 (Jensen and Bahr, 1977) , which
is not greatly difficult from the curvilinear increase in net photo-
synthesis of leaves in rising C02 (Figure 6.1). Neither the photo-
chemistry and electron transport nor the rate of regeneration of the
COo acceptor by the photosynthetic carbon reduction cycle appear to
limit photosynthesis in the range of C02 under consideration.

The release of photorespiratory C02 is faster at higher O2 concen-
trations, while increasing CO2 levels inhibit photorespiration (Zelltch,
1971) . The competition between CO2 and 02 for photosynthesis and photo-
respiration is expressed in C3 species as an inhibition of photosyn-
thesis by 02, or as an "oxygen stress" (Zelitch, 1982). A large propor-
tion of the inhibition of photosynthesis by 02 is attributable to
photorespiration, because losses of photorespiratory CO2 can be as high
as 50% of net photosynthesis in C3 plants (Zelitch, 1982). Photosyn-
thesis in tobacco leaves was inhibited 35% at 340 ppmv of C02 at 21%
of 02 compared with 3% of O2 and was inhibited 31% at 400 ppmv of C02
(R. B. Peterson, Connecticut Agricultural Experiment Station, New
Haven, Connecticut, personal communication, 1982). Thus, the benefit
of regulated photorespiration appears less than the advantage of faster
carboxylation when C02 is raised from 340 to 400 ppmv.

6.2.1.2 Duration of Photosynthesis

Prolonged and faster photosynthesis caused by increased C02 in bright
light produces more sucrose, sometimes increasing starch accumulation
in the chloroplasts, and excessive starch can deform chloroplasts and
decrease photosynthesis (Guinn and Mauney, 1980). Besides increasing
sucrose, faster photosynthesis may change the levels of phosphorylated
compounds and decrease orthophosphate levels in chloroplasts, which
feed back to inhibit photosynthesis and decrease C02 assimilation
(Walker, 1976). Such negative feedback might be bred against to obtain
the full benefits of increased C02 on yield.

Yield depends on an adequate storage or sink to accept the products
of photosynthesis.  If the sink is inadequate, feedback will decrease
photosynthesis. Sink capacity and yield tend to increase in parallel
until they reach the limit set by the photosynthetic capacity (Evans,
1975).

6.2.1.3 Fate and Partitioning of Photosynthate

The products of photosynthesis and the efficiency of their translocation
to the sites of conversion to starch, protein, and lipids may affect
photosynthesis itself as well as the accumulation of carbon in the
storage organ. Higher C02 decreases photorespiration and thus
indirectly will affect nitrogen metabolism, since ammonia turns over